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ABSTRACT

Objectives: To study the effects of estrogen administration on histomorphology of avascular necrosis of the femoral head in
male rats.

Study Design: Lab-based experimental study.

Place and Duration of Study: Department of Anatomy, Army Medical College, National University of Medical Sciences,
Rawalpindi (NUMS), in collaboration with the National Institute of Health Islamabad, (NIH) Pakistan from Aug to Nov 2021.

Methodology: Thirty male Sprague Dawley rats, three months of age, weighing 200-300gm, were selected. Rats were equally
divided into three groups. Group-A served as a control group in which no intervention was made, and the rats were fed on a
standard lab diet. Groups B and C served as experimental groups. In Groups B and C, avascular necrosis was induced by
steroids for the first week of the study. Group C along with steroids also received tab estrogen by oral gavage for eight weeks,
starting from the fifth week of the study till the twelfth week of the study. All the rats were sacrificed after the completion of
the experimental period. The microscopic parameters like cortical thickness and percentage of the empty lacunae were
counted.

Results: Histomorphological changes were observed when the comparison was made between Group B, Control Group A,
and Experimental Groups B and C with statistically significant results (p-value 0.001).

Conclusion: Estrogen helps in fracture healing and shows improvement in cortical and trabecular strength. It has shown
improvement in the cortical thickness measurement after avascular necrosis causes a decrease in the thickness.
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INTRODUCTION

Avascular necrosis, AVN or osteonecrosis, is a
disease of the bones. It occurs as a result of the im-
paired blood supply to the bone.l? This insult to the
bone due to decreased blood supply results in the
death of bone-forming cells like osteoblasts and osteo-
cytes. The number of osteoclasts increases, con-
sequently increasing bone resorption rather than new
bone formation. The impaired bone formation
ultimately results in the collapse of the bone.34
Avascular necrosis involves a series of mechanisms,
which include mechanical disruption, Intravascular
occlusion, and extravascular compression. There is
impaired lipid metabolism, hypercoagulable state,
thrombus formation and ultimately, ischemia, causing
a decreased blood supply to the bone.>

Estrogen is a sex hormone that develops the re-
productive system and secondary sexual charac-
teristics in females. Although predominately a female
hormone, its role in males has also been established in
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the studies.” This is documented by estrogen receptors
in the male genital system. The role of estrogen has
also been documented in the homeostasis of the bone.
In postmenopausal women, estrogen deficiency results
in the increased chances of osteoporosis.8

Estrogen helps maintain the bone skeleton by
decreasing bone resorption and increasing remodel-
ling. The effects of estrogen on avascular necrosis have
not been studied before.” Considering these facts, the
study was designed to perceive the ameliorative effects
of estrogen administration on the avascular necrosis of
bones. The patients should be followed up frequently
to evaluate any undesirable effects on the body.™ This
study was conducted to observe the effects of estrogen
administration on histomorphology of avascular
necrosis of the femoral head in male rats.

METHODOLOGY

The laboratory-based experimental study was
conducted at the Department of Anatomy, Army
Medical College, National University of Medical
Sciences, Rawalpindi, in collaboration with the
National Institute of Health (NIH) Islamabad, Pakistan
from August to November 2021, following approval
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from the Ethics Review Committee of Army Medical
College, National University of Medical Sciences
(ERC/ID/127). The sampling technique used was non-
probability convenience sampling

Inclusion Criteria: Male Sprague Dawley rats of 3-4
months having an average weight of 250+50g were
included.

Exclusion Criteria: Rats with any obvious bone
deformity were excluded.

Thirty male Sprague Dawley rats, 3 to 4 months of
age, weighing 250+50 grams, were procured from NIH,
Islamabad. The animals were divided into three equal
groups. Each group comprised ten rats, and each
group was kept in a separate cage in the animal house
of NIH under standard laboratory conditions with an
optimal temperature of 21+2C and a 12-hour light/
dark cycle. The animals were fed on standard labo-
ratory rat chow and water ad libitum. Rats in Group A
served as a Control Group in which no intervention
was made. Rats in Groups B and C received Inj
Methylprednisolone 40mg/kg/body weight intraperi-
toneally for three consecutive days to induce avascular
necrosis in femoral heads. Rats in Group C and
steroids received tab estrogen at 0.lmg/kg body
weight daily by oral gavage for the eighth week,
starting from the fifth week of the study period till the
twelfth week.

The cortical bone thickness and percentage of
empty lacunae were calculated microscopically in the
femoral head of the rats (Figure-1 & 2). The cortical
bone thickness was determined by drawing a perpen-
dicular line from the periosteum to the endosteum.!12
The cortical thickness was measured by using
micrometry. Three consecutive high-power fields were
selected for each specimen. Three areas per high field
were studied, and the mean was calculated.
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Figure-1: Photomicrograph of histological section of head of

femur showing measurement of cortical thickness(CT) from
periosteum(P)to endosteum(E). H & E 400X

- e - -

gure-2: Photomicrograph of head of femur showing empty
(EL) and filled lacunae (FL). H & E 400X

The percentage of empty lacunae was counted in
the whole slide. The total number of lacunae included
empty as well as filled lacunae.’® They were counted at
HPF. The calculation was made on screen by an Olym-
pus digital microscope connected with LED.

Statistical Package for Social Sciences (SPSS) ver-
sion 23.0 was used for the data analysis. Quantitative
variables were expressed as MeantSD and qualitative
variables were expressed as frequency and percen-
tages. One-way analysis of variance (ANOVA) was
applied to gauge the mean differences among the
groups. The group differences were calculated using
Post Hoc test (Tukey HSD). The p-value lower than or
up to 0.05 was considered as significant.

RESULTS

Thirty male Sprague Dawley rats, were selected.
Rats were equally divided into three groups. The mean
cortical thickness in Group-A was 22.20pm+1.77. The
Experimental Groups B and C showed the cortical
thickness of 18.77pm#1.73 and 21.45pm=+1.35, respec-
tively. The intergroup comparison revealed a signi-
ficant result, a p-value of 0.001. The intergroup com-
parison between Groups A and B and Groups B and C
showed significant results with p-values of 0.001 and
p-values of 0.003, respectively. At the same time,
Groups A and C revealed insignificant values of 0.561
(Table-I).

The mean percentage of the empty lacunae
calculated in control Group-A was 3.14 +0.75. The
percentage of empty lacunae in the Experimental
Groups B and C were calculated as 10.35 + 0.86 and
4.76 £0.59, respectively. The Group comparison was
significant, with a p-value of 0.001. The intergroup
comparison between A and B, B and C and between A
and C revealed significant results with a p-value of
0.001 (Table-II).
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Table-I: Mean Cortical thickness and Percentage of empty
lacunae in Control Group A and Experimental Groups B and
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C (n=30)
Group-A Group-B Group-C
Parameters Control |Experimental [Experimental | p-
Means+SD | Means+SD | Means*SD | value
(n=10) (n=10) (n=10)
Cortical
thickness 22.20+1.77 | 18.77+1.73 21.45+1.35 [0.001**
(pm)
Percentage
of Empty 3.41+0.76 | 10.35+0.086 4.76x0.59 |0.001**
Lacunae

Table-II: Post Hoc Analysis Cortical thickness and Percentage
of Empty Lacunae in Control Group A and Experimental
Group B and C (n=30)

Parameters Group-Avs | Group-Avs | Group-B vs
Group-B Group- C Group-C

Cortical thickness 0.001** 0.561 0.003*

(pm)

Percentage of 0.001** 0.001** 0.001**

empty lacunae

DISCUSSION

The role of estrogen on bones has been estab-
lished in the studies. Improvement in bone mineral
density and fracture healing in postmenopausal
women after treatment with estrogen has been
documented.!12 Estrogen also plays an important role
in maintaining the bone health of males as well.
Research has shown that in males, rapid bone loss
occurs after castration. Estrogen deficiency causes loss
of cancellous bone and narrowing in the cortical bone
width.’® The amount of bone resorption outnumbers
the new bone formation. The impact of the estrogen on
the bone is mediated through estrogen receptors, i.e.
ERa and ERP.1415 Even though estrogen is a sex
hormone, its receptors have been detected in bone
cells. Estrogen plays its role at the molecular level
through signalling pathways. Bone loss will occur if
the receptors are deleted, or estrogen is insufficient.1®
In our study, avascular necrosis was induced in
Groups B and C rats using Inj. Methylprednisolone.
Once the avascular necrosis had been established, rats
in Group C were given a tablet of estrogen, which was
given by oral gavage to see the ameliorative effects of
estrogen on bones. The cortical bone thickness was
found to be reduced once the avascular necrosis had
been established. This was shown when the control
was compared with experimental group B, and the
results were found to be significant, with a p-value of
0.001. This was found to be consistent with the studies
held previously.”18 When Group C was treated with

estrogen, the femoral heads showed improvement in
cortical bone thickness. The statistically significant
results with a p-value of 0.003 were found when the
intergroup comparison between groups B and C was
made. This was relevant to the previously conducted
study.??

The percentage of empty lacunae was increased
once the femoral head was induced with avascular
necrosis. It was calculated in the whole slide. The
comparison among the groups revealed significant re-
sults with a p-value of 0.001. The increased percentage
of the empty lacunae was seen in group B compared to
group A. This was in accordance with the study held
by Fan et al.?0

The role of estrogen on cortical bone thickness is
due to its effects on the osteoblasts. Recent studies
showed that estrogen receptors ERa promote the
signalling pathway for maintaining cortical and can-
cellous bone health. These receptors are present in the
osteoblasts. Thus, osteoblasts are indirectly responsible
for the bone microstructure.
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CONCLUSION

The role of estrogen on the skeleton has been docu-
mented in the studies. It helps in fracture healing and shows
improvement in cortical and trabecular strength. This was
shown by the improvement in the cortical thickness measure-
ment after avascular necrosis causes a decrease in the
thickness. In addition, there was a decrease in the percentage
of empty lacunae when the rats were treated with estrogen.
Thus, it can be concluded that estrogen has ameliorative
effects on AVN, with special emphasis on the duration and
dosage of estrogen required for the treatment of AVN.
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